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Phonon profiles in superconducting YN3;B,C and LuNi,B,C
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We performed a systematic inelastic neutron scattering, between 4 anq 620 K, of the profiles of the anoma-
lous acoustic and optic phonon observed in both compounds in the viciniy=2{0.5 0 0). AboveT, we
find that, in both compounds, the frequencies of the acoustic modes decrease with decreasing temperature and
there is intensity transfer from the upp@ptic) to the lower(acousti¢ mode. The frequencies of the optic
modes of the Y compound, on the other hand, decrease slower than those of the Lu compound as the
temperature decreases towaldsand, as a result, the two branches approach each other in the Lu compound,
whereas they separate in the Y compound. In both compounds the observed phonon profilés. alaoviee
described satisfactorily in terms of a simple couple-mode model. Comparison of the phonon spectra of the two
compounds below ; demonstrates that the sharp peak at approximately 4 meV with a broad shoulder at the
higher-energy side, observed in both compounds, arises from the change in the acoustic phonon profile upon
entering the superconducting stdi80163-18209)07641-9

I. INTRODUCTION phonons in both compounds. In this paper we report the re-
sults of these experiments.

The compounds of th&Ni,B,C family (R=rare earth
are ideal for a detailed study of the competition between
magnetic  ordering,  superconductivity, and lattice
instabilities’™ Detailed neutron-scattering experiménts The measurements were performed on single crystal
on the superconducting Lu and Y compounds demonstrategamples of LuNiB,C and YNiB,C grown at the Ames
the dramatic softening of thé,[ £00] acoustic modes in the Laboratory. The crystals were plateléts-2 mm thick with a
vicinity of (0.500, which is practically the same as the nest-plate area of 0.5-1 chhwith the ¢ axis perpendicular to the

ing vectoré,, obtained by band theoretical calculatichiBhe

Il. EXPERIMENTAL DETAILS

softening is so significant that it was also observed in the —— T
phonon density of statBsaind the point-contact spectraf 2 YNi;B,C 1
these compounds. This is an unusual type of softening in- I [£00]

volving the acoustic and lowest-lying optid\ [ £00]
branches, which cannot cross by symmetsge Fig. 1
These two branches are strongly coupled as shown by the
continuous shift of intensity from the upper to the lower B 7
branch observéd in both compounds. i
As a result of this unusual coupling, broad soft phonons
are observed in both compounds just abdye=15 K) (see
Fig. 4 of Ref. 3. Below T., a sharp peak near 4 meV,
followed by a broad shoulder in the high-energy side, is ob-
served in both compoundsee Fig. 4 of Ref. ) Simulations
demonstrated that the broad shoulder is not due to the - |
folding of the resolution ellipsoid with the steep dispersion

of the phonon branches. Furthermore, the mea&tnembm- L M

Energy (meV)
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T
1

temperature phonon frequencies, up to 40 meV, were as- st
signed to the various branches by comparing the measured
intensities with calculations based on Born—vonridan i
force-constant models. These calculations demonstrated that I 8 ((:,g?)
the room-temperature dispersion curves can be fitted quite
well with force-constant models and that no other branches ol o . L
of the same symmetry are close to the branches under study. 0 0.2 04 0.8 08

To better understand the nature of the broad soft phonons €
just aboveT; and the origin of the sharp phonon peak ob-  FIG. 1. A,[£00] branches of YNiB,C at 150 K. Solid[operi
served in both compounds beloly,, we performed a sys- circles denote data obtained around (167 [(008)] reciprocal
tematic study, between 4 and 620 K, of these anomaloutttice point.
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FIG. 2. Lower panel: temperature dependence of the frequencies FIG. 3. Lower panel: temperature dependence of the frequencies
of the lower and uppef0.6 0 O modes of YN}B,C. Upper panel:  of the lower and uppe(0.45 0 Q modes of LUNjB,C. Upper panel:
temperature dependence of the ratio of the intensity of the lowetemperature dependence of the ratio of the intensity of the lower
mode to the total intensity of the two modes. mode to the total intensity of the two modes.

Temperature (K)

plate surface. The 300 K lattice parameters @r8.464 A, total intensity of the two modes are plotted in Figs. 2 and 3.
c=10.623 A for LUNLB,C anda=3.526 A,c=10.547 Afor |t can be seerFigs. 2 and B that in both compounds the
the YNi,B,C compound. . _ frequency of the lower mode decreases with decreasing
The neutron-scattering experiments were performed usingsmperature and intensity is transferred from the upper to the
the variable incident neutron energy triple-axis spectrometerg,ver mode. It is important to notice that in the Y compound
H-8, at Brookhaven National Laboratory, HB3 at Oak Ridge(Fig_ 2) the frequency of the lower mode decreases much
National Laboratory(ORNL), and the fixed initial energy taster than that of the upper mode, especially below 300 K,
triple-axis spectrometer HB1A at ORNL Pyrolitic graphite ang as a result the two branches separate in the vicinity
(PG), reflecting from the(002 planes, was used as mono- of ¢~ 5 as the temperature is lowered. In the Lu compound
chromator and analyzer and a PG filter was used to MiNiMiZgrig  3) on the other hand, the two branches approach

highe_r-o_rder contamination. The measurements on the varsach other in the vicinity of=0.5 with decreasing tempera-
able incident neutron energy spectrometers were performegh e

either with neutron energy loss and _fixed final neutron en- |, the vicinity of and belowT., measurements performed
ergy (Es) of 14.7 and 30.5 meV or with energy gain and aith optimized instrumental conditions and much longer
fixed incident neutron energyE() of 30.5 meV. The high-  coynting times per point than in our previous stuBig. 4 of
temperature measurements were performed on the HB1Ret 7) “established that the broad peak observed just above
spechrometer with neutron energy gain and it 14.7 1 in poth compounds corresponds to the acoustic mode.
meV. Most of the data were collected with a collimation of Thjs proad acoustic phonon profile is abruptly changed into a
40-40-40-40 minutes of arc in the standard positions on th‘%harp peak with a broad shoulder at the higher-energy side as
spectrometers. the temperature is lowered beldw. The width and position
of the sharp peak remain practically unchanged belqw
and its intensity decreases with increasing temperature in the
. EXPERIMENTAL RESULTS vicinity of T, (Fig. 5 of Ref. 7. It should be pointed out that
The detailed temperature dependence of the frequencias the present measurements the optical mode in the Y com-
of the two A, branches, in the vicinity of=0.5, was deter- pound was visible down to 4 KFig. 2). In the Lu compound
mined by measurements @.6 0 8 in the Y and at(0.45 0  the intensity of this mode was too weak and its frequency too
8) in the Lu compound. The measured frequencies of the twalose to that of the acoustic mode to be observed below a
modes and the ratio of the intensity of the lower to thetemperature of approximately 150 (Kig. 3).
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T model could describe as well the phonon profiles abiyvia

04l YNiB,C i YNi,B,C. This is illustrated in Fig. 4 where calculated pho-
non profiles for Lu(at 620 and 120 Kand Y (at 620 and 150

K) are plotted. It can be seen that these profiles are very
similar to those observed experimentally. Thus the phonon
profiles aboveT. in both compounds can be described in
terms of a coupled-mode model.

Several theoretical approachts3have been proposed to
explain the dramatic change of the acoustic phonon profiles
of the compounds upon entering the superconducting state.
Allen et al!? follow the usual BCS approach for a three-
104 dimensional quasi-isotropic system. Kee and Varmand
(0.45,0,8) Maksimov and Karakozo¥? on the other hand, assume the
existence of a Fermi surface nesting vecgige= (0.5 0 0),
as obtained by band theoretical calculatibhghe calculated
phonon profile§"*2are in qualitative agreement with the ex-
perimental results. The theoretical calculations, on the other
hand, predict that the energy of the sharp peak must follow
L e the temperature dependence of the superconducting &ap 2

0 5 10 15 whereas the experimental observations show that the energy
Energy (meV) of this peak is practically temperature independent belgw

FIG. 4. Phonon profiles of YNB,C [at(0.6 0 8] and LuNpB,C  (see Fig. 5 of Ref. )7 The intensity of this sharp peak does

[at (0.45 0 9] evaluated using the coupled-mode motele text  decrease with increasing temperature, but it goes to zero at
T. more abruptly than the superconducting gap.
IV. DISCUSSION It is clear that a detailed and fundamental understanding

The experimental results show that abdvethe tempera-  ©f the phonon spectra in these compounds, both above and
ture dependences of the frequencies of the latyemode in be_Ioch, must wa|t.future f|rst-pr|nC|pIes theoreucal calcu-
the vicinity of the Fermi surface nesting vector and the in_latlon. Of particular importance herg is to elucidate the con-
tensity transfer from the upper to the lower mode upon cool1€ction between the intensity variation of the sharp peak
ing are very similar in the two compounds. The key differ- below T, and the superconducting properties of these com-
ence in the behavior of these modes abdyés that in the ~Pounds.
vicinity of the nesting vector the two branches approach each
other upon cooling in the Lu compound, whereas they sepa-
rate in the Y compound. The authors are grateful to Dr. H. Kawano for communi-

We have shown previouslythat the phonon profiles cating to us some of her experimental results before publica-
aboveT, in LuNi,B,C can be described in terms of a simple tion. Ames Laboratory is operated for the U.S. Department
coupled-mode model which was uséduccessfully to ex- of Energy by lowa State University under Contract No.
plain the asymmetric phonon profiles observed in ferroelecw-7405-Eng-82. The work at Brookhaven National Labora-
tric BaTiO;. The observation that upon cooling the tory was supported by the Department of Energy, Division of
LuNi,B,C A, branches approach each other, whereas in th#laterials Sciences, under Contract No. DE-AC02-
Y compound separate, with approximately the same intensity6CH00016. Some of the experiments were performed at
transfer from the upper to the lower bran@ompare the Oak Ridge National Laboratory, which is supported by the
lower/ | total CUTVES in Figs. 2 and)3suggests that by simply Department of Energy, Division of Materials Sciences, under
changing the sign of the coupling constant the coupled-mod€ontract No. DE-AC05-960R22464.
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